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Abstract 
The influence of the dealumination degree of NaY with respect to the water adsorption properties was investigated by infrared 
spectroscopy, thermogravimetry and isotherm measurements. The modification of the samples is a result of a steaming process at 
different temperatures in dependence of time. It was found that dealumination controls the hydrophilic behavior of NaY and 
contributes to defined low desorption temperatures. Similar to microporous SAPO’s steamed Y-zeolites can be used for low 
temperature applications of heat transformation and thermal adsorption storage. 
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1. Introduction 
In recent years new materials have been developed which are better adapted for applications in solar driven heat 
pumps or thermal adsorption storage processes. Materials such as silicoaluminophosphates (SAPO) or dealuminated 
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Y-type zeolites [1, 2, 3] have been suggested for thermal adsorption storage or adsorption heat pumps to be 
dependent upon low-temperature heat for charging. 
It is well known from the catalysis that a post-synthesis modification of zeolites by an easy to perform 
hydrothermal treatment [4] reduces the lattice aluminum concentration and improves the stability and catalytic 
performance. A partial dealumination of the zeolite Y by steaming reduces the hydrophilic character of the potential 
storage or heat transforming material as well and leads to a lower desorption temperature for water as found for the 
more expensive SAPO’s. 
The aim of this contribution is therefore to investigate in more detail the steaming process and its influence on the 
water adsorption properties with respect to optimized adsorption heat pumps and thermal adsorption storages. 
2. Methods and materials 
The adsorption properties of the potential storage materials have been studied by different thermogravimetric 
methods (TG) on a Netzsch STA 409 apparatus as well as by gravimetric isotherm measurements using a McBain-
Bakr quartz spring balance [5]. 
Dealuminated Y samples (DAY) were obtained by an optimized steam treatment at 1 bar water vapor pressure, 
well selected temperatures between 600 K to 1000 K and adjusted treatment time. The parent zeolite NaY with a 
framework Si/Al ratio of 2.7 was introduced into the active NH4Y modification by a standard ion-exchange. The 
resulting framework Si/Al ratios were characterized by infrared spectroscopic measurements [6]. 
3. Results and discussions 
Table 1 shows an overview of the chemical composition and adsorption capacity of the dealuminated samples, 
found after the modification process of the zeolite Y. For comparison the data of the parent NaY and a SAPO-34 are 
included. A moderate dealumination of up to Si/Al=3.2 does not reduce the adsorption capacity, which is 
comparable with that of SAPO-34. An increasing Si/Al-ratio, however, reduces the adsorption capacity, as found for 
higher desorption temperatures up to 250°C. A stronger dealumination is accompanied by partial losses of the 
zeolitic structure affecting the water adsorption capacity. 
 
Focusing on a lower desorption temperature, for instance 80°C as applied in the heat pump, the steaming process 
improves the desorption capability of the modified Y-type zeolites, as can be concluded from Figure 1. This figure 
shows the desorption profiles of the samples under discussion for an isothermal desorption interval at 80°C. 
Remarkable is the rising loss of water from the strong hydrophilic parent zeolite to the medium hydrophilic DY2. 
 
     Table 1. Si/Al-ratio and water adsorption capacity of 48h in RH=33% conditioned samples, desorbed up to250°C. 
Sample Si/Al Adsorption 
capacity in (g/g) 
SAPO-34 - 0,30 
DY1 3,0 0,30 
DY2 3,2 0,29 
DY3 3,4 0,26 
DY4 3,7 0,27 
DY5 6,0 0,18 
NaY 2,7 0,28 
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Fig. 1. Thermogravimetric profiles (left hand Y-axis) of the parent NaY-zeolite, the partially dealuminated forms and the zeotype SAPO-34. 
 
Fig. 2 water isotherms of zeolite NaY and the dealuminated form of a Y-type zeolite are measured at T=298 K and the zeotype SAPO-34 is 
measured at T=293 K. 
Despite the remaining difference of the desorption level that is accessible at 80°C between DY2 & SAPO-34, the 
desorption kinetics of DY2 seems to be better compared to SAPO-34, due to the steeper slope of the TG-curve at the 
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beginning. This is not surprising because of the significant differences in the window openings of the faujasite 
structure (about 0.7 nm) and the chabazite like window sizes of the SAPO-34 (approximately 0.4 nm). 
 
Finally the adsorption isotherms (Figure 2) of DY2 & SAPO-34 show a similar beneficial steep rise because of 
the dealumination of the Y zeolite. The Figure 2 gives also information about the position of the water isotherms of 
the dealuminated zeolite and the SAPO-34 compared with the parent NaY. As can be seen the DY2 isotherm is 
shifted towards the SAPO isotherm into the pressure interval between 0.01-0.3 mbar as the heat pump needs for low 
temperature application. 
4. Conclusions 
The new optimized steaming process seems to be a powerful tool to adjust the hydrophilic character of Y-type 
zeolites to the special needs of low temperature driven heat pumps and thermal adsorption storages. 
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